ABSTRACT: This article discusses limit states design as it relates to practical thinking, provides a brief history of its development, and finally discusses future developments such as limit states design for durability and for the design of materials.
. A third model, a model of how the mind works, is described in Figure 2 . Being a construction of the human mind, the models never perfectly represent reality. But if they contain the essential features, and are simple to reconstruct in the mind, they are very useful.
Understanding is extremely powerful because it explains and predicts what happens based on a few generic ideas. The ideas or models, however, must be based on experience. As structural engineers we must understand why structures fail, and the way we understand why they fail is by the use of models-ideas we can manipulate. It is these ideas by which we explain why a structure will or will not fail; it is these ideas we use to explain to others why something will or will not work. Understanding is therefore a powerful tool for communication. Lack of communication is behind most of the failures that occur in the practice of structural engineering. The where He is the critical height and c, 0 and are the cohesion, the angle of internal friction, and the density of the soil. The formula is based on Newton's law of statics, the shear strength of the soil (equal to the sum of its cohesive and frictional resistance), and the assumption that the soil fails by sliding along a plane. This is a version of the limit state formula, Equation (1) where, in addition to the previous notation, j8 is the slope of the bank. Actually, the slip plane is curved (Figure 3 ), but Equation (4) At this stage of development, it is better for practitioners to simply be well aware of the basic mechanisms of failure, the conditions under which they occur (moisture with or without contaminants, 02, CO2, UV, temperature, etc.), and the basic mechanisms of transport and accumulation of these agents, particularly moisture and air. Guidance on these mechanisms, and the conditions under which they occur, will be contained in the Appendices to the CSA guideline on the durability of buildings. Some models that appear to be useful in describing these mechanisms are:
1. The corrosion cell ( Figure 5 ): this model is useful to indicate the conditions under which corrosion occurs and the type and intensity of corrosion, but it requires explanation (as will be provided in an Appendix of CSA S478). 2. Mechanisms of rain penetration: the forces causing rain penetration are the kinetic energy of rain drops, capillary suction, gravity and air pressure. The rain screen (Figure 6 ), a model solution for the prevention of rain penetration, is based primarily on the concept of gravity drainage. A more effective solution is the pressure equalized rain screen, which not FIGURE 5. The corrosion cell. only provides gravity drainage but also prevents rain penetration due to air pressure.
Research is underway towards limit states design for durability, and the features of limit states design will change as a consequence. It appears that the development of limit states design for durability is at the same stage as structural-mechanics in the early nineteenth century, so it will take some time.
Limit States Design for Materials
We are beginning to have the ability to design and build materials (microstructures). Prescribed molecular arrangements of materials are already being achieved in the laboratory. In addition, a new scientific endeavor &dquo;nanotechnology&dquo; is devoted to the construction of new materials (essentially a prescribed biological self-building process). These materials should be designed not only to produce objects useful for people, but also to avoid failures of various kinds, including deterioration failures. This is another potential application of limit states design concepts.
CONCLUSION
The following paraphrases a comment in a recent magazine article (Peters, 1994) . The best practitioners keep simple models of structures and how they behave in their mind ... so simple that you can mull them over while laying awake at night, driving a car, walking, or keeping yourself occupied during a dull meeting or talk. In addition to this, you have to explain your ideas to others, and the only way to do this is by simple models.
It is therefore important that the models we researchers recommend are suitable for this purpose. Black boxes (formerly handbook tables, now computer printouts) are not acceptable. We are certainly not to relinquish the evidence of experiments for the sake of dreams and vain fictions of our own devising; nor are we to recede from the analogy of Nature, which is wont to be simple, and always consonant to itself. We no other way know the extension of bodies by our senses, nor do these reach it in all bodies; but because we perceive extension in all that are sensible, therefore we ascribe it universally to all others also. That abundance of bodies are hard, we learn by experience; and because the hardness of the whole arises from the hardness of the parts, we therefore justly infer the hardness of the undivided particles not only of the bodies we feel but of all others. That all bodies are impenetrable, we gather not from reason, but from sensation. The bodies which we handle we find impenetrable, and thence conclude impenetrability to be an universal property of all bodies whatsoever. That all bodies are movable, and endowed with certain powers (which we call the inertia) of persevering in their motion, or in their rest, we only infer from the like properties observed in the bodies which we have seen. The extension, hardness, impenetrability, mobility, and inertia of the whole, result from the extension, hardness, impenetrability, mobility, and inertia of the parts; and hence we conclude the least particles of all bodies to be also all extended, and hard and impenetrable, and movable, and endowed with their proper inertia. And this is the foundation of all philosophy.
